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Abstract
The strong form of the AdS/CFT correspondence implies that the leading N
expressions for the connected correlation functions of the gauge invariant operators
in the free N = 4 supersymmetric Yang-Mills theory with the gauge group SU(N)
correspond to the boundary S matrix of the classical interacting theory in the Anti
de Sitter space. It was conjectured recently that the theory in the bulk should be
a local theory of infinitely many higher spin fields. In this paper we study the free
higher spin fields (N = ∞) corresponding to the free scalar fields on the boundary.
We explicitly construct the boundary to bulk propagator for the higher spin fields
and show that the classical solutions in the bulk are in one to one correspondence
with the deformations of the free action on the boundary by the bilinear opera-
tors. We also discuss the constraints on the correlation functions following from the
higher spin symmetry. We show that the higher spin symmetries fix the correlation
functions up to the finite number of parameters. We formulate sufficient conditions
for the bulk theory to reproduce the free field correlation functions on the boundary.
1On leave from the Institute of Theoretical and Experimental Physics, 117259, Bol. Cheremushkin-
skaya, 25, Moscow, Russia.
1 Introduction.
1.1 The problem of interacting higher spin fields.
In the past few years we have learned a lot about the physics of the strongly coupled
supersymmetric gauge theories from the study of their supergravity duals [1, 2, 3]. This
progress is based on the AdS/CFT correspondence. In its basic version the AdS/CFT
correspondence is the equivalence between the N = 4 supersymmetric Yang-Mills theory
in four dimensions with the gauge group SU(N) and the Type IIB superstring theory on
the space AdS5 × S5. The radius of curvature of AdS5 is equal to the radius of curvature








= g2Y MN (1)
This equivalence is usually understood as a strong coupling duality, because the super-
gravity description of the Type IIB string theory is valid when R >> lstr, or g
2
Y MN >> 1.
The loop counting parameter on the supergravity side is inversely proportional to the
number of colors N . Therefore the leading large N computations in the gauge theory
correspond to the computations in the classical supergravity in the bulk. In the language
of string theory this means that we are considering only the worldsheets with the topology
of the sphere.
Suppose that we start decreasing g2Y M keeping N large. What happens on the string
theory side? We should still consider only the spherical worldsheets; higher genus surfaces
will correspond to 1
N
corrections. However the worldsheet sigma model becomes strongly
interacting. This suggests that from the spacetime point of view we will be dealing with
some complicated classical theory.
We can study this classical theory by looking at its boundary S-matrix, which is read
from the correlation functions in the free theory on the boundary. This program was
initiated in [4]. In the limit g2Y M = 0 the theory on the boundary becomes the free N = 4
supersymmetric Yang-Mills. Consider the correlation functions of 2n primary operators
in the free field theory. When N = ∞ the correlation function factorizes into the product
of n two point correlation functions. This means that the theory in the bulk in this
limit should be a free theory. The fields of this free theory should correspond to the
primary operators in the free theory on the boundary. Since the primary operators on the
boundary are in general tensors of the arbitrary rank, in the bulk there should be many
tensor fields of the arbitrary rank. Perhaps one should think of these higher spin fields
as corresponding to the excited states of the string whose mass in the limit R >> lstr is
determined by the radius of the AdS space rather than the string length.
When N is finite, the correlation functions of the gauge invariant operators on the
boundary do not factorize into the product of the two point functions. This corresponds
to introducing the interactions in the bulk. It is crucial that the strength of the interaction
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depends on N and can be made arbitrary small by making N very large. For finite large
N , the leading 1
N
contribution to the connected correlation function is given by the tree
diagrams. This means that the correlation functions on the boundary define a classical
higher spin theory in the bulk, with the coupling constants the positive powers of 1
N
. One
can ask whether this theory has local interactions, that is whether the vertices have a
finite number of field derivatives. If this is true, then it should be possible to determine
the interaction vertices from the symmetries. The resulting local classical theory would
be the effective description of the string theory in the AdS space of the very small radius.
We do not know any clear string theoretic argument showing that the interactions
should be local. One can accept this statement as a hypothesis.
It is remarkable that the problem of constructing the local interactions of the higher
spin fields with the right symmetries is very old. The question was formulated by C. Frons-
dal [5] in 1978. Significant progress was achieved in the works of E.S. Fradkin and
M.A. Vasiliev [6] and in the following papers (see [7, 8] and references therein.) How-
ever the problem of higher spin interactions remains unsolved.
1.2 The plan of this paper.
In our paper we will mostly concentrate on the free higher spin theory corresponding to
N = ∞ on the boundary.
Massless fields and gauge symmetries. The free field theory has a large group of
symmetries involving the higher derivatives of the fields [9]. It is natural to try to find the
theory in the bulk which has this large symmetry group as the group of gauge symmetries.
This group contains scalar gauge symmetries acting on the fields without derivatives and
conformal symmetries acting with one derivative. These two types of symmetries generate
two closed subgroups, and these are presumably the only symmetries preserved by the
interactions. In the large radius AdS/CFT correspondence, the corresponding gauge fields
in the bulk are the vector gauge fields and the spin two gauge field — the graviton. The
other symmetries exist only in the free theory. The corresponding gauge fields in the bulk
should be the higher spin gauge fields.
In fact, the correlation functions in the field theory are almost fixed by the symmetry
(we will discuss ”almost” in Section 6). This suggests that if there is a theory in the bulk
having this large group of symmetries then this theory should be unique. It would be
enough for the purpose of reproducing the correct correlation functions on the boundary
to have this higher spin symmetry as a global symmetry group. But we know that it
should be a gauge symmetry. The current operators generating the higher spin symmetry
on the boundary should correspond to the massless fields in the bulk. For the theory of
massless fields to be consistent one needs gauge invariance. The string theory origin of the
higher spin gauge symmetries is discussed in [10]. We will discuss the relation between
the global higher spin symmetry and the gauge transformations for the massless fields in
Section 4.
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